Abstract: Two novel boron-dipyrromethene (BODIPY) based fluorescence turn-off sensors, which demonstrate high selectivity and sensitivity toward Fe 2+ and Fe 3+ ions, have been reported. A simple and high yielded synthesis of fluorescent BODIPY derivatives with malonyl unit for sensitization have been described. This approach provides quick, high yielded, and low-cost preparation of the probes. The two sensors have been comprised of combination of one and two BODIPY fluorophore and a malonyl unit, substituted on meso position of BODIPYs. Synthesized BODIPY derivatives have been characterized via elemental analyses, mass spectrometry, 1 H and 13 C spectroscopy and their photophysical properties were investigated by UV-Vis absorption and fluorescence emission spectroscopy. The synthesized sensors (2, 3) have been used as a fluorescent probe towards the selective and sensitive detection of biologically important Fe 2+ and Fe 3+ ions in tetrahydrofuran by fluorescence spectroscopy. 
INTRODUCTION
After the recognition of the importance of transition metal ions in a wide range of processes especially in environment and biology, a great deal of attention has been devoted on the advancement of probes to detect transition metal ions (1) (2) (3) . Within the transition metals, particularly iron, is the most abundant and an essential metal in all organisms and biological systems (4) . It has crucial roles in oxygen uptake, oxygen metabolism, electron transfer, and transcriptional regulation and a possible disorder in Fe ion metabolism cause several diseases (5, 6) . Thus, detection of Fe ions is useful in a wide range of area, including clinical diagnostics, therapeutic monitoring, and detection of organisms and toxins (7) . Numerous research studies have been devoted on the development of Fe 2+ and/or Fe 3+ chemosensors (8) . Especially within all detection methods, fluorescent chemosensors has received special attention because it enables high sensitivity, noninvasiveness and convenience, low cost and real-time response that depends incremental interaction to analyte (9) (10) (11) . Even though the are many studies devoted on the preparation of Fe ion probes with different sensing strategies, it is still needed to develop a fluorescence sensor with high selectivity and sensitivity with a decreased response time and convenient instant observation (12) .
Within dye based fluorescent probes, 4,4-difluoro-4-bora-3a,4a-diaza-s-indacenes (BODIPYs) have been devised for increasing number of implementation (13) . Because BODIPY-based probes exhibit convenient spectral properties like photostability, high fluorescence quantum yield and amenability to alterations in photophysical and photochemical properties via small and facile alteration on molecules (14) (15) (16) 
EXPERIMENTAL SECTION

Materials
The deuterated solvent (CDCl3) used for NMR spectroscopy, silica gel, trifluoroacetic acid, pchloroanil, triethylamine, pyridine, boron trifluoride diethyl etherate, n-hexane and dimethylformamide were provided from Merck. The following chemicals were obtained from Sigma Aldrich; ethanol, 2,4-dimethylpyrrole, dichloroethane, methylmalonyl chloride, malonyl dichloride.
4-hydroxybenzaldehyde was purchased from Alfa Aesar. All other chemicals used for the synthesis were reagent grade unless otherwise specified. The aqueous solutions of the corresponding metal chlorides (nitrate for Ag + ) were used as the source of metal ions at room temperature.
Equipment
Electronic absorption spectra were recorded with a Shimadzu 2101 UV spectrophotometer in the UV-visible region. Fluorescence excitation and emission spectra were recorded on a Varian Eclipse spectrofluorometer using 1 cm path length cuvettes at room temperature. The fluorescence lifetimes were obtained using Horiba-Jobin-Yvon-SPEX Fluorolog 3-2iHR instrument with Fluoro Hub-B Single Photon Counting Controller at an excitation wavelength of 500 nm and 570 nm. Signal acquisition was performed using a TCSPC module. Mass spectra were acquired in linear modes with average of 50 shots on a Bruker Daltonics Microflex mass spectrometer (Bremen, Germany) equipped with a nitrogen UV-Laser operating at 337 nm.
1 H, and 13 C NMR spectra were recorded in CDCl3 solutions on a Varian 500 MHz spectrometer. Analytical thin layer chromatography (TLC) was performed on silica gel plates (Merck, Kieselgel 60 Å, 0.25 mm thickness) with F254 indicator. Column chromatography was performed on silica gel (Merck, Kieselgel 60 Å, 230-400 mesh). Suction column chromatography was performed on silica gel (Merck, Kieselgel 60 Å, 70-230 mesh).
Synthesis
The related BODIPY derivative (1) was previously synthesized by a simple one-pot reaction modified according to the procedure reported by Gabe and co-workers (17, 18) .
Synthesis of compound 2
Compound 1 (50 mg, 0.15 mmol) was dissolved in 15 mL of DCM. Pyridine (15 mg, 0.20 mmol) was added under Ar atmosphere. The mixture was cooled on an ice bath and monomethyl malonyl chloride (24 mg, 0.18 mmol) in 5 mL DCM was added dropwise. The mixture was stirred for 12 h. The reaction mixture was filtered and the solvent was removed. Compound 2 was isolated with column chromatography on silica gel (DCM) (230-400 mesh) (yield: 65% 
Synthesis of compound 3
Compound 1 (70 mg, 0.21 mmol) were dissolved in 15 mL of DCM. Pyridine (31 mg, 0.40 mmol) was added under Ar atmosphere. The mixture was cooled on an ice bath and malonyl chloride (14 mg, 0.10 mmol) in 5 mL DCM was added dropwise. The mixture was stirred for 14 h and the reaction mixture was filtered, then the solvent was removed. Compound 3 has been isolated from column chromatography with silica gel (DCM) (230-400 mesh) (yield: 52% S6) .
RESULTS AND DISCUSSION
Synthesis and structural characterization
Since BODIPY derivatives are good candidates as fluorescent sensors due to their high molar absorption coefficients and quantum yields, and inertness under several physical conditions, the present work aimed the preparation of malonyl unit containing BODIPY dyes with a simple synthetic procedure together with high yield as Fe 2+ and Fe 3+ probe giving optical signals (19) . Malonyl moieties have been used as metal ion binding sites in receptor sub unit. The BODIPY fluorophores have been directly linked to the receptor sub unit that contained one and two chromophores in compound 2 and 3, respectively. The synthetic pathway is shown in Scheme 1. The one-pot synthesis of compound 1 has been previously described by Gabe and coworkers and involved a condensation of 4-hydroxybenzaldehyde and 2,4-dimethylpyrrole in the presence of trifluoroacetic acid as catalyst in dichloromethane under argon atmosphere followed by oxidization by p-chloranil and complexation with BF3OEt2 (17, 18) . Acceptable yields have been obtained on a routine basis using substitution reaction between compound 1 with methylmalonyl chloride and malonyl chloride achieved by addition of corresponding BODIPY derivatives (2 and 3) . (Fig. S1-S6) . The mass spectra of compounds 2 and 3 have been obtained by ESI-TOF-MS and the two spectra revealed the peak groups of molecular ion and molecular ion rupture flour (Fig. S1, S2) . (Fig. S3, S4 ). In the 13 C NMR spectra of the new synthesized compounds (2 and 3) , the aromatic carbons were observed between 166.0-116.0 ppm and aliphatic carbons 52.0-14.0 ppm region (Fig. S5, S6 ).
Scheme 1: Synthesis of the BODIPY probes (2, 3).
Photophysical properties
The UV-Vis absorption and fluorescence emission spectra of compound 2 and 3 showed characteristic spectroscopic properties of the BODIPY chromophore with small Stokes' shifts (10 nm) ( Table 1 ). In tetrahydrofuran, strong S0-S1 transition with maxima at 473 and 502 nm have been observed, which is characteristic for BODIPY cores. Molar extinction coefficients of both BODIPYs have been calculated to be 8.25 × 10 4 and 18.26 × 10 4 M −1 cm −1 for compounds 2 and 3 respectively (Fig. S7, S8) . The fluorescence emission spectra of 2 and 3 sensors have been observed at 512 nm with an excitation wavelength of 480 nm at room temperature (Figure 1 ). Absorbance and fluorescence spectra of compounds 2 and 3 have been also investigated in different solvents such as dichloromethane, chloroform, dimethyl sulfoxide, methanol and tetrahydrofuran (Fig. S9-S12 ). In chloroform, absorption and fluorescence intensities have been observed to degrade. In tetrahydrofuran and dimethyl sulfoxide, both BODIPYs absorption and fluorescence intensities have been found similar, thus we preferred tetrahydrofuran as the solvent because of the ease to work and solubility in water for metal titration studies. (Figure 2 ). As mentioned above, the intensities of emission changes explicitly for BODIPY derivatives ( (Figure 3 ). The proposed complex structure between BODIPYs (2, 3) and Fe 2+ / Fe 3+ cations have been given in Figure S13 . 
SUPPORTING INFORMATION SUMMARY
Details of photophyisical studies and copies of NMR and mass spectra of the compounds 2 and 3 are described in the supporting information. 
